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i A vehicle cruise controller is provided which 
monitors the range to and relative speed of a 
target vehicle ahead of the vehicle being con- 
trolled by the cruise controller. A radar (1) 
provides measurements of range and relative 
speed. The range measurement is compared by 
a subtracter (3) with a desired range which is a 
function of vehicle speed, so as to form a 
distance error. The relative speed signal repre- 
sents a speed error. An acceleration demand is 
formed as a function, for example a weighted 
sum, of the distance and speed errors. More 
significance is given to the distance error when 
the target is relatively close. This is achieved by 
varying the gain of a multiplier (6). The acceler- 
ation demand may be supplied to vehicle brake 
and drive systems, but preferably the acceler- 
ation demand is compared with actual vehicle 
acceleration to provide the advantages of 
closed loop control. 
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The present invention relates to a method of and 
an apparatus for cruise control. 

Known cruise controllers for vehicles allow a driv- 
er to set a target vehicle speed- The cruise controller 
then acts to maintain the vehicle speed at the target 
speed. Such a controller does not monitor the dis- 
tance to or speed of vehicles ahead of the vehicle un- 
der cruise control. Thus, the driver has to intervene if 
the vehicle under cruise control approaches another 
vehicle too closely for the target speed, for instance 
so as to ensure that a safe braking distance remains 
between the vehicles. Even if the other vehicle is un- 
der cruise control and the driver of the other vehicle 
has set the same nominal target vehicle speed, vari- 
ations and tolerances between the vehicles and the 
cruise controllers are such that the actual vehicle 
speeds when under cruise control will generally be 
slightly different. Again, if the following vehicle ap- 
proaches the lead vehicle too closely, the driver has 
to intervene, for instance by switching off the cruise 
controller or by applying the vehicle brake, which nor- 
mally disengages at least temporarily the cruise con- 
troller. 

According to a first aspect of the invention, there 
is provided a cruise control apparatus for a vehicle, 
comprising distance error determining means for de- 
termining a distance error as the difference between 
a desired distance between a target and the vehicle 
and the actual distance between the target and the 
vehicle, speed error determining means for determin- 
ing a speed error as the difference between the 
speed of the target and the speed of the vehicle, and 
acceleration demand producing means for producing 
a vehicle acceleration demand as a function of the 
distance error and of the speed error. 

Preferably the acceleration demand is calculated 
as a sum of the product of the distance error and a first 
gain parameter and the product of the speed error and 
a second gain parameter. The second gain parameter 
may be a constant, for instance unity. Thus the accel- 
eration demand is calculated as a weighted sum of 
the speed error and the distance error. 

The target is preferably a further vehicle ahead of 
the vehicle having the cruise control apparatus. The 
distance and speed errors may be determined by any 
suitable means, for instance in the form of an electro- 
magnetic or ultra-sonic radar system for providing a 
direct measurement of the distance. The speed error 
may be obtained by differentiating the output of the 
radar system with respect to time. Alternatively, the 
speed error may be provided automatically by a suit- 
able radar system, for instance of the doppler type. 

The apparatus may further comprise desired dis- 
tance determining means for determining the desired 
distance as a function of the vehicle speed. For in- 
stance, the desired distance may be a linear function 
of the vehicle speed. 

The apparatus may further comprise gain setting 



means for setting at least one of the first and second 
gain parameters such that the quotient of the first gain 
parameter divided by the second gain parameter is a 
function of the distance and/or distance error. The 

5 gain setting means may set the quotient to a first val- 
ue for a first distance error or a first actual distance 
and to a second value less than the first value for a 
second distance error or a second actual distance 
greater than the first distance error or the first actual 

w distance. The first and second values may comprise 
maximum and minimum values, for instance 7 and 1, 
respectively, and the gain setting means may set the 
quotient as a monotonically decreasing, preferably 
substantially continuous, function of the distance er- 

15 ror between the first and second distance errors or of 
the actual distance between the first and second ac- 
tual distances. The gain setting means may be ar- 
ranged to halve the value of the quotient when the dis- 
tance error is greater than a first predetermined dis- 

20 tance error which is greater than zero and the speed 
error is greater than a first predetermined speed error 
which is greater than zero. 

The apparatus may further comprise accelera- 
tion error producing means for producing an acceler- 

25 ation error as the difference between the accelera- 
tion demand and the actual vehicle acceleration. 

The apparatus may further comprise gating 
means for supplying the acceleration error to a vehi- 
cle drive system when the acceleration demand is 

30 greater than a first threshold which is greater than or 
equal to zero, and for supplying the acceleration error 
to a vehicle brake system when the acceleration de- 
mand is less than a second threshold which is less 
than or equal to zero. Inhibiting means may be provid- 
es ed for inhibiting the supply of the acceleration error to 
the vehicle brake system when the acceleration de- 
mand is less than the second threshold, the distance 
error is less than a second predetermined distance er- 
ror which is less than zero, and the speed error is less 

40 than a second predetermined speed error which is 
less than zero. 

For a vehicle driven by an internal combustion en- 
gine having a throttle controlled in cruise mode by an 
integrating controller, the apparatus may comprise 

45 further gain setting means for multiplying the accel- 
eration error by a third gain parameter which is a func- 
tion of the vehicle speed. The third gain parameter 
may have a constant value below a predetermined ve- 
hicle speed and a value which increases monotonical- 

so ly, for instance linearly, with vehicle speed above the 
predetermined vehicle speed. The apparatus may 
further comprise limiting means for limiting the accel- 
eration demand or error to less than a first positive de- 
mand threshold and greater than a negative demand 

55 threshold. The apparatus may further comprise dis- 
abling means for disabling the limiter when the accel- 
eration demand is greater than the first positive de- 
mand threshold and the vehicle acceleration is less 
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than a second positive demand threshold which is 
less than the first positive demand threshold. For in- 
stance, the first and second positive demand thresh- 
olds may be 15%g and 10%g, respectively, and the 
negative demand threshold may be -30%g, where g 5 
is acceleration due to gravity. 

According to a second aspect of the invention, 
there is provided a method of cruise control for a ve- 
hicle, comprising determining a distance error as the 
difference between a desired distance between a tar- 10 
get and the vehicle and the actual distance between 
the target and the vehicle, determining a speed error 
as the difference between the speed of the target and 
the speed of the vehicle, and controlling the vehicle 
in accordance with a vehicle acceleration demand is 
formed as a function of the distance error and the 
speed error. 

Preferably the vehicle acceleration demand is 
formed as the sum of the product of the distance error 
and a first gain parameter and the product of the 20 
speed error and a second gain parameter. 

It is thus possible to provide cruise control in 
which a vehicle is capable of matching its speed to a 
further vehicle ahead of it while maintaining a desired 
distance from the further vehicle. Thus, when in 25 
cruise control mode, driver intervention can be re- 
duced or substantially eliminated irrespective of the 
speed of the further vehicle. 

The present invention will be further described, 
by way of example, with reference to the accompany- 30 
ing drawings, in which: 

Figure 1 is a schematic diagram of a cruise con- 
trol apparatus constituting an embodiment of the 
present invention; 

Figure 2 is a graph of range gain versus distance 35 
to a target; and 

Figure 3 is a graph of throttle integrator gain as 

a function of vehicle speed. 

The cruise control apparatus shown in Figure 1 
is provided in a vehicle driven by an internal combus- 40 
tion engine and comprises a radar system 1 which is 
mounted at the front of the vehicle and faces forwards 
so as to detect a further vehicle ahead of the vehicle. 
The radar system 1 provides a range output corre- 
sponding to the distance between the vehicle and the 45 
further vehicle and a relative speed output Vrel which 
corresponds to the difference in speeds of the vehicle 
and the further vehicle. 

The range output of the radar system 1 is supplied 
to the adding input of a subtracter 3. The subtracting so 
input of the subtracter 3 is connected to the output of 
a desired range setting circuit 4 whose input is con- 
nected to a vehicle speed sensor 5 for determining the 
speed of the vehicle. The sensor 5 may comprise any 
suitable sensor, such as an optical speed over ground 55 
sensor or a system for determining vehicle speed 
based on measurements of wheel speeds. 

The output of the subtracter 3 is supplied to a first 



input of a multiplier 6 whose second input is connect- 
ed to the output of a range gain setting circuit 2 having 
an input connected to the range output of the radar 
system 1. The output of the multiplier 6 is connected 
to a first input of an adder 7 whose second input is 
connected to the radar system 1 via a multiplier 28 so 
as to receive the relative speed signal. The multiplier 
is arranged to scale the relative speed signal prior to 
use by the adder 7. The multiplier 28 may be omitted 
if a gain of unity is applied to the relative speed signal. 
The output of the adder 7 is connected to the input of 
a limiter 1 0 for limiting the maximum positive and neg- 
ative values of the acceleration demand signal. For 
instance, the maximum positive acceleration may be 
limited so as to be less than or equal to 1 5%g and the 
maximum deceleration may be limited so as to be less 
than or equal to 30%g, where g is acceleration due to 
gravity. The limited acceleration demand signal from 
the limiter 1 0 is supplied to the adding input of a sub- 
tracter 8 whose subtracting input is connected to the 
output of a differentiator 9. The input of the differen- 
tiator 9 is connected to the vehicle speed sensor so 
that the differentiator 9 provides a signal correspond- 
ing to the vehicle acceleration. 

The output of the subtracter 8, which represents 
an acceleration error signal, is supplied to a gating ar- 
rangement comprising electronic switches 11 and 12. 
The switch 11 selectively connects the output of the 
subtracter 8 to a first input of a multiplier 13 whose 
second input is connected to the output of an integra- 
tion gain setting circuit 14. The input of the circuit 14 
is connected to the output of the vehicle speed sensor 
5. The switch 11 is controlled by a comparator 15 hav- 
ing a first input connected to the output of the limiter 
10 and a second input connected to receive a first 
threshold T1 which corresponds to an acceleration er- 
ror which is normally greater than zero. The output of 
the multiplier 1 3 is connected to the input of a throttle 
actuator 16 of the internal combustion engine of the 
vehicle. The throttle actuator is of the type which con- 
trols the engine throttle in accordance with the inte- 
gral with respect to time of the signal supplied thereto. 

The switch 12 selectively connects the output of 
the subtracter 8 to a brake actuator 17 of the vehicle. 
The switch 12 has a control input connected to the 
output of an AND gate 18 having three inputs. The 
first input is connected to the output of a comparator 
19 having a first input connected to the output of the 
limiter 10 and a second input connected to receive a 
threshold T2 corresponding to an acceleration which 
is less than zero. The second input of the gate 18 is 
connected to a comparator 20 having a first input con- 
nected to the radar system 1 so as to receive the rel- 
ative speed signal and a second input connected to 
receive a threshold T3 corresponding to a relative 
speed or speed error which is less than zero. The third 
input of the gate 18 is connected to the output of a 
comparator 21 which has a first input connected to the 
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output of the subtracter 3 so as to receive a range er- 
ror signal and a second input connected to receive a 
threshold T4 corresponding to a range or distance er- 
ror which is less than zero. 

The limiter 1 0 has a disabling input for preventing 
the limiter from limiting the acceleration demand sig- 
nal to the predetermined maximum limit value. The 
disabling input is connected to the output of an AND 
gate 22 which has two inputs. The first input of the 
gate 22 is connected to the output of a comparator 23 
having a first input connected to the output of the ad- 
der 7 and a second input for receiving a threshold T5 
corresponding to an acceleration demand which is 
equal to the maximum or upper limit value of the lim- 
iter. The second input of the gate 22 is connected to 
the output of a comparator 24 having a first input con- 
nected to the output of the differentiator 9 and a sec- 
ond input for receiving a threshold T6 corresponding 
to an acceleration between zero and the upper limit 
value. In the case where the upper limit value of the 
limiter 10 is 15%g, the threshold T6 may correspond 
to 10%g. 

The range gain setting circuit 2 has an input con- 
nected to the output of an AND gate 25 having two in- 
puts. The first input of the gate 25 is connected to the 
output of a comparator 26 having a first input con nect- 
ed to the output of the subtracter 3 and a second input 
for receiving a threshold T7 corresponding to a prede- 
termined distance error which is greater than zero. 
The second input of the gate 25 is connected to the 
output of a comparator 27 having a first input connect- 
ed to receive the relative velocity signal from the ra- 
dar system 1 and a second input for receiving a 
threshold T8 which corresponds to a predetermined 
speed error which is greater than zero. 

When cruise control is selected, the cruise con- 
trol apparatus shown in Figure 1 controls the engine 
throttle and vehicle brake system automatically un- 
less and until cruise control is disabled, for instance 
by the driver switching off cruise control or operating 
the accelerator or brake controls of the vehicle. The 
radar system 1 supplies range and relative speed sig- 
nals corresponding to the distance between the vehi- 
cle and the closest other vehicle ahead of it and the 
difference between the speeds of the two vehicles. 
The range is supplied to the subtracter 3. The sub- 
tracter 3 forms a range error signal by subtracting the 
actual range from a desired range generated by the 
circuit 4. The circuit 4 sets the desired range as a 
function of the vehicle speed measured by the sensor 
5. The circuit 4 may comprise a look-up table stored 
in a read only memory or a calculating circuit for cal- 
culating values of the function based on the vehicle 
speed. For instance, the desired range S may be de- 
termined in accordance with the following function: 

S = (0.23 xV) + 7 
where the desired range S is given in metres and V 
is the vehicle speed in kilometres per hour. 



In the absence of the constant 7 metres, the ve- 
hicle would be arranged to follow the further vehicle 
with a time separation of 0.83 seconds. However, for 
increased flexibility, the desired range setting circuit 
5 4 may be controllable by the driver so as to select any 
time separation, and hence desired range, within pre- 
determined limits, for instance of 0.8 and 2.5 sec- 
onds. The constant 7 metres ensures that, for rela- 
tively low speeds, the vehicle maintains a minimum 

10 spacing from the further vehicle ahead of it so that, 
for instance, if the further vehicle were to stop, the ve- 
hicle in cruise control would stop with a desired range 
sufficient to prevent a collision. 

The range or distance error from the subtracter 

15 3 is multiplied in the multiplier 6 by a range gain which 
is set in the circuit 2. The circuit 2 may comprise a 
look-up table stored in read only memory or means for 
calculating the range gain primarily as a function of 
the actual range or distance between the two vehi- 

20 cles. The function of range gain against range is illu- 
strated in Figure 2. The range gain has a maximum 
value of 7 for target ranges below 6 metres and a mini- 
mum value of 1 for target ranges above 20 metres. 
Between 6 and 20 metres, the range gain decreases 

25 monotonically and continuously or substantially con- 
tinuously, for instance in the case of a digital system. 

The output of the multiplier 6 is added to the 
speed error signal by the adder 7, that is, in this em- 
bodiment, the multiplier 28 has a gain of one. Thus, 

30 for target ranges of 20 metres and above, the relative- 
ly low range gain of 1 is applied to the distance error 
and the speed error therefore has more influence on 
cruise control. Even with the relatively low range gain, 
if the distance error persists for a substantial time, the 

35 integral action of the throttle actuator 16 corrects the 
distance error smoothly. 

For relatively small desired ranges, a quicker re- 
sponse to distance error is required and the gain is 
progressively increased for desired ranges below 20 

40 metres until it reaches the maximum value of 7 at 6 
metres and below. For such small desired ranges, 
any distance error represents a relatively large pro- 
portion of the desired range and a quick response is 
required in order to remove the distance error and, for 

45 instance, prevent the vehicle from approaching too 
closely the further vehicle ahead of it. 

Thus, for relatively small desired ranges, the dis- 
tance error has substantially more influence than the 
speed error in controlling the vehicle. 

so When the output of the gate 25 is active, a signal 

is supplied to the second input of the circuit 2 which 
causes the circuit to halve the range gain set in accor- 
dance with the function illustrated in Figure 2. The 
comparator 26 detects when the distance error is rel- 

55 atively great so that the vehicle under cruise control 
is relatively far behind the vehicle ahead of it. The 
comparator 27 determines when the speed error is 
such that the vehicle under cruise control is closing 
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on the vehicle ahead of it. Thus, when the controlled 
vehicle is closing but is relatively far behind the lead 
vehicle, the range gain is halved so as to prevent 
overshoot. 

The output of the adder 7 represents an acceler- s 
ation demand signal which itself could be used to con- 
trol acceleration of a vehicle by being suitably proc- 
essed and applied, for instance, to the throttle actua- 
tor 16 and the brake actuator 17. However, in order 
to provide closed loop control of acceleration, the ac- 10 
celeration demand is compared with the actual vehi- 
cle acceleration in the subtracter 8 to form an accel- 
eration error. The acceleration demand from the ad- 
der 7 is limited by the limiter 10 to a maximum value 
of +15%g and a minimum value of - 30%g. These 15 
maximum values of acceleration and deceleration 
have been found to be advantageous for the comfort 
of passengers in the vehicle. However, a problem may 
occur when a lead vehicle accelerates quickly, or is 
moving up a relatively steep gradient (or a combina- 20 
tion of such adverse situations). In such combina- 
tions, the vehicle under cruise control may not be able 
to accelerate quickly enough to stay within range of 
the lead vehicle. In order to avoid or reduce the like- 
lihood of such a problem, the limiter 10 is arranged to 25 
be disabled in respect of the upper limit value of 
+ 15%g if the acceleration demand from the adder 7 
is greater than +15%g as determined by the compar- 
ator 23 but the actual vehicle acceleration calculated 
by the differentiator 9 is less than +10%g as deter- 30 
mined by the comparator 24. In these circumstances, 
which correspond to adverse conditions of the type 
described hereinbefore, the limiter 10 allows a larger 
acceleration demand to be used to control drive of the 
vehicle. The integrating action of the throttle actuator 35 
1 6 is such that the throttle opens at a greater rate so 
as to improve acceleration until the vehicle accelera- 
tion exceeds +10%g as detected by the comparator 
24, at which point the limiter 1 0 then reverts to normal 
operation and limits the maximum value of the accel- 40 
eration demand to +15%g. 

Where the cruise control apparatus is fitted to a 
vehicle having an anti-lock brake system, then brak- 
ing control provided by the cruise control apparatus 
will be overridden if the anti-lock braking system de- 45 
tects excessive wheel slip during braking. Similarly, 
if the vehicle is provided with automatic traction con- 
trol, then control of the engine throttle by the cruise 
control apparatus will be overridden if the traction 
control system detects excessive wheel spin. so 

The gating arrangement comprising the switches 
11 and 12 the comparator 15 and the comparator 19 
via the gate 18 ensure that positive acceleration de- 
mands control the engine throttle whereas negative 
acceleration demands control the vehicle brake. The 55 
thresholds T1 and T2 may be made substantially 
equal to zero or may be made positive and negative, 
respectively, by predetermined amounts so as to pro- 



vide a "dead band" between throttle control and 
brake control. 

Similarly, the comparators 1 5 and 1 9 may be pro- 
vided with hysteresis in order to prevent hunting or in- 
stability when the acceleration demand is close to the 
threshold T1 or the threshold T2. The gating arrange- 
ment ensures that control of vehicle drive and control 
of vehicle braking cannot occur simultaneously. 

When the limited acceleration demand from the 
limiter 10 exceeds the threshold T1, the comparator 
15 switches on the switch 11 and the acceleration er- 
ror is multiplied by the integration gain from the circuit 
1 4. The integration gain is a function of vehicle speed 
and may be stored as a look-up table in read only 
memory or calculated directly as a function of the ve- 
hicle speed. The function is illustrated in Figure 3. For 
relatively low speeds, for instance below about 35 
km/h, the integration gain has a value of 0. 1 . For high- 
er vehicle speeds, the integration gain increases lin- 
early with speed so as to have a value of approxi- 
mately 0.8 for a vehicle speed of 250 km/h. Thus, by 
varying the integration gain with speed, the cruise 
control apparatus provides a smooth response at 
slow speed and a fast response at higher speeds. 

The throttle actuator 16, as described hereinbe- 
fore, integrates the control signal from the multiplier 
13. When not in cruise control, the integrator, which 
may be electronic or mechanical or any other suitable 
device, is pre-loaded with the current throttle position 
so that the throttle quickly assumes the desired pos- 
ition when cruise control is actuated. 

When the acceleration demand is less than the 
threshold T2, the acceleration error is supplied via the 
switch 12 to the brake actuator 17 for controlling the 
vehicle brake. However, the switch 12 is switched off 
and braking inhibited when the vehicle under cruise 
control is too close to the lead vehicle as determined 
by the comparator 21 and the speed of the vehicle un- 
der cruise control is less than that of the lead vehicle 
as determined by the comparator 20. In these condi- 
tions, the vehicle brake is not applied but instead the 
vehicle is allowed to coast so that it achieves the de- 
sired range. This brake inhibiting arrangement is pre- 
ferably only enabled during an initial phase of cruise 
control operation when the vehicle under cruise con- 
trol is initially being controlled to the desired range 
and to a vehicle speed matching that of the lead ve- 
hicle. Once this has been achieved, the comparators 
20 and 21 may be disabled so as to prevent inhibiting 
of the vehicle brake during subsequent cruise control 
operation. 

By effectively controlling the acceleration of a vehicle 
in accordance with errors in the range and relative 
speeds, it has been found possible to provide a cruise 
control apparatus which has stable operation and 
avoids hunting or oscillation about the desired range. 
By matching the speed of the vehicle under cruise 
control to that of the lead vehicle and maintaining a 
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desired range from the lead vehicle, driver interven- 
tion during cruise control operation is reduced and, in 
many circumstances, eliminated until the driver wish- 
es to disable cruise control operation. The apparatus 
shown in Figure 1 thus provides automatic intelligent 
cruise control operation of a vehicle with minimal driv- 
er intervention when following a lead vehicle. If de- 
sired, the cruise control apparatus may be switchable 
by the driver from the operation described hereinbe- 
fore to conventional cruise control operation, wherein 
the vehicle is controlled to achieve a driver-selected 
target speed, when the vehicle is not following a lead 
vehicle. 



Claims 

1. A cruise control apparatus for a vehicle, charac- 
terised by distance error determining means (1, 3, 
4, 5) for determining a distance error as the dif- 
ference between a desired distance between a 
target and the vehicle and the actual distance be- 
tween the target and the vehicle, speed error de- 
termining means (1 ) for determining a speed error 
as the difference between the speed of the target 
and the speed of the vehicle, and acceleration de- 
mand producing means (2, 6, 7, 28) for producing 
a vehicle acceleration demand as a function of 
the distance error and the speed error. 

2. A cruise control apparatus as claimed in Claim 1 , 
characterised in that the vehicle acceleration de- 
mand producing means (2, 6, 7, 28) is arranged 
to calculate the vehicle acceleration demand as 
the sum of the product of the distance error and 
a first gain parameter and the product of the 
speed error and a second gain parameter. 

3. A cruise control apparatus as claimed in Claim 1 
or 2, characterised by further comprising desired 
distance determining means (4) for determining 
the desired distance as a function of vehicle 
speed. 

4. A cruise control apparatus as claimed in Claim 2 
or Claim 3 when dependent on Claim 2, charac- 
terised by further comprising gain setting means 
(2, 28) for setting at least one of the first and sec- 
ond gain parameters such that the quotient of the 
first gain parameter divided by the second gain 
parameter is a function of at least one of the dis- 
tance and the distance error. 

5. A cruise control apparatus as claimed in Claim 4, 
characterised in that the gain setting means (2) 
is arranged to set the quotient to a first value for 
a first distance error or a first actual distance and 
to a second value less than the first value for a 



second distance error or second actual distance 
greater than the first distance error or the first ac- 
tual distance. 

5 6. A cruise control apparatus as claimed in Claim 5, 
characterised in that the gain setting means (2) 
is arranged to set the quotient as a monotonically 
decreasing function of the distance error be- 
tween the first and second distance errors or of 

10 the actual distance between the first and second 

distances. 

7. A cruise control apparatus as claimed in any one 
of Claims 4 to 6, characterised in that the gain 

15 setting means (2, 28) is arranged to substantially 

halve the value of the quotient when the distance 
error is greater than a first predetermined dis- 
tance error (T7) which is greater than zero and 
the speed error is greater than a first predeter- 

20 mined speed error which is greater than zero. 

8. A cruise control apparatus as claimed in any one 
of the preceding claims, characterised by further 
comprising gating means (11, 12) for supplying 

25 the acceleration demand to a vehicle drive sys- 

tem when the acceleration demand is greater 
than a first threshold which is greater than or 
equal to zero, and for supplying the acceleration 
demand to a vehicle brake system when the ac- 

30 celeration demand is less than a second thresh- 

old which is less than or equal to zero. 

9. A cruise control apparatus as claimed in Claim 8, 
characterised by further comprising inhibiting 

35 means (1 8-21 ) for inhibiting the supply of the ac- 

celeration demand to the vehicle brake system 
when the acceleration demand is greater than the 
second threshold (T2), the distance error is great- 
er than a second predetermined distance error 

40 (T4) which is less than zero, and the speed error 

is greater than a second predetermined speed er- 
ror (T3) which is less than zero. 

1 0. A cruise control apparatus as claimed in any one 
45 of Claims 1 to 7, characterised by further com- 
prising acceleration error producing means (8, 9) 
for producing an acceleration error as the differ- 
ence between the acceleration demand and the 
actual vehicle acceleration. 

50 

11. A cruise control apparatus as claimed in Claim 
10, characterised by further comprising gating 
means (11 , 12) for supplying the acceleration er- 
ror to a vehicle drive system (16) when the accel- 

55 eration demand or error is greater than a first 

threshold (T1) which is greater than or equal to 
zero, and for supplying the acceleration error to 
a vehicle brake system (17) when the accelera- 
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tion demand or error is less than a second thresh- 
old (T2) which is less than or equal to zero. 

12. A cruise control apparatus as claimed in Claim 
11, characterised by further comprising inhibiting 
means (18-21) for inhibiting the supply of the ac- 
celeration error to the vehicle brake system (17) 
when the acceleration demand or error is greater 
than the second threshold (T2), the distance error 
is greater than a second predetermined distance 
error (T4) which is less than zero, and the speed 
error is greater than a second predetermined 
speed error (T3) which is less than zero. 

13. A cruise control apparatus as claimed in any one 
of Claims 1 to 9 for use in a vehicle driven by an 
internal combustion engine having a throttle con- 
trolled in cruise mode by an integrating controller 
(16), characterised by further comprising further 
gain setting means (1 3, 1 4) for multiplying the ac- 
celeration demand by a third gain parameter 
which is a function of vehicle speed. 

14. A cruise control apparatus as claimed in any one 
of Claims 10 to 12 for use in a vehicle driven by 
an internal combustion engine having a throttle 
controlled in a cruise mode by an integrating con- 
troller (16), characterised by further comprising 
f urthergain setting means (1 3, 14) for multiplying 
the acceleration error by a third gain parameter 
which is a function of the vehicle speed. 

15. A cruise control apparatus as claimed in Claim 13 
or 14, characterised in that the third gain parame- 
ter has a constant value below a predetermined 
vehicle speed and a value which increases mono- 
tonically with vehicle speed above the predeter- 
mined vehicle speed. 

16. A cruise control apparatus as claimed in any one 
of Claims 1 to 9 or 13 or 15 when dependent on 
13, characterised by further comprising limiting 
means (10) for limiting the acceleration demand 
to less than a first positive demand threshold and 
greater than a negative demand threshold. 

17. A cruise control apparatus as claimed in Claim 2 
or any claim dependent on Claim 2, characterised 
in that the second gain parameter is a constant. 

18. A cruise control apparatus as claimed in Claim 
1 7, characterised in that the second gain parame- 
ter has a value of one. 



20. A method of cruise control for a vehicle, compris- 
ing determining a distance error as the difference 
between a desired distance between a target and 
the vehicle and the actual distance between the 

5 target and the vehicle, determining a speed error 

as the difference between the speed of the target 
and the speed of the vehicle, and controlling the 
vehicle in accordance with a vehicle acceleration 
demand formed as a function of the distance er- 

10 ror and the speed error. 

21. A method as claimed in Claim 20, characterised 
in that the vehicle acceleration demand is calcu- 
lated as the sum of the product of the distance er- 

15 ror and a first gain parameter and the product of 

the speed error and a second gain parameter. 



20 
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30 



35 



40 



45 



19. A cruise control apparatus as claimed in any one 55 
of the preceding claims, characterised in that the 
distance to and relative speed of the target are 
measured using a radar system (1). 
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